INTRODUCTION
Elite golfers professionals and those with a handicap of less than six sustain a large number of injuries (McHardy et al 2006) . The low back is the most common injury location for golfrelated injury where 18.3% of injuries sustained by golfers are located in the low back area (McHardy et al 2007) . Furthermore and if one considers the torque (torque= moment arm x force) that the body must generate to produce such a large CHS it is easy to understand why the injury prevalence rate is so high. Elite golfers usually repeat this action 50 times with in a round of golf (18 holes) or 300 or more times each practice session. Elite golfers play or practice golf for up to 10 hours a day six days a week (Thériault and Lachance 1998) . This repetitive application of large forces through the lumbar spine is what causes it to be the most frequently injured area.
Poor swing biomechanics have been shown to increase the incidence of lum bar spine injuries (Sherman and Finch, 2000) . The golf swing action involves a multilever system which aims to 54% of professional golfers complained of chronic ailments that prevented them from playing golf for five weeks every year (Teriault and Lachance, 1998) . Most of these injuries take six months to resolve (Teriault and Lachance, 1998) . This long injury recovery period means that injury prevention is essential to an elite golfer.
The lumbar spine is the most vul nerable to injury, as confirmed by Nesbit and Serrano (2005) . They found that during the golf swing the lumbar spine was found to have the greatest force exerted on it. Professional golfers can reach club head speeds (CHS) of 160km/hour within 0.2 seconds (Thériault and Lachance 1998). CHS is directly dependant on torque (Hume et al 2005),
Participants
Elite golfers from golf academies in the greater Johannesburg area were conveniently sampled for inclusion in this study. This study required 60 participants to be powered at 90% (Thériault and Lachance 1998). To account for drop out of 40%, 100 participants were recruited. To be included in the study, golfers had to present with shortened hip flexors (shortening was classified as those with a positive Modified Thomas test); have a handicap of less than six, be between 1625 years of age, be male and be engaged in regular, golf related training for at least two hours per week. The age limit of 1625 years was set as different ages have different responses to stretch (Hollard et al 2002) . Different age groups also have different biomechanics (Lathey et al 2009) . If the age bracket was too large this may have made the standard deviations large. The age range of 1625 years was selected as this is usually the age that many golfers in the Gauteng area attend intensive training at golf academies (such as the Golf School of Excellence, Observatory; the Golf School of Excellence, Pretoria and Centurion Academy, Centurion). This is a crucial time in most golfers' lives and as such it is an important time to be aware of techniques that may alter performance. The reason only males were selected for this study is because males and females have different responses to stretch (Thompson and Wayne, 2004) . Males were chosen over females as many more males play golf at elite level than females in South Africa. Golfers currently receiving trigger point therapy interventions independent from this study and those with known serious spinal or hip pathologies (including disc herniations, Scheuerman's disease, and fractures) were excluded. Ethical approval for the study was granted by the University of the Witwatersrand's Human Research Ethics Committee.
Interventions

Intervention 1 -Stretch Group:
The stretch group received trigger point therapy combined with a week of home stretch exercise added to their routine training.
generate maximal club head speed in a precise trajectory and a wide arc of motion with the purpose of hitting a stationary ball off the ground (Thériault and Lachance 1998). During the golf swing action, the lower body plays an important role in providing a solid base from which to derive power (Hume et al 2005) . The lower body generates power by providing a stable base for rotational torques and by generating ground reac tion forces (Hume et al 2005) . In order to increase ground reaction force the legs should be "pushed into the ground". The weight shift during the golf swing from the trail leg to the lead leg, results in a force being produced in the direction of the projectile (ball) (Hume et al 2005) .
A golfer who is unable to produce adequate rotational movement (which can occur due to muscle shortening, especially of the iliopsoas muscle) will usually default to excessive lateral movement during the swing in order to generate power (Hume et al 2005) . This produces two swing faults known as "sway" and "slide". "Sway" refers to an excessive lower body lateral movement away from the target during the backswing (Titleist Performance Institute, 2006) . In a "sway" the gol fer's centre of mass is outside the base of support. This results in the swing becoming difficult to control and excessive lateral compressive forces are placed on the lumbar spine (Baker and Newton 2005; Hume et al 2005) .
"Slide" on the otherhand is a swing fault where there is excessive lower body lateral movement toward the target during the downswing (Titleist Performance Institute, 2006) . This fault makes it very difficult to stabilise the lower body during the downswing and the lower body is unable to provide a stable base for the upper body (Burden et al 1998) . These swing faults are detrimental in terms of injury risk as studies have shown a positive relationship between poor swing mechanics and lumbar spine injuries (Sherman and Finch 2000) .
The past few years have seen a significant increase in the number of elite golfers participating in medicine ball type exercise training (plyometric resistance training) (Doan et al 2006).
It was found that resistance training reduces the incidence of lumbar spine injuries and is effective in treating lumbar spine injury (Barr et al 2005) . In golf, resistance training that is combined with plyometric exercises is more sport specific than resistance training alone (Fletcher and Hartwell 2004) , because resistance training combined with plyometric exercises mimics the explosive, powerful movement of the golf swing (Hume et al 2005) . It also makes use of stretchshortening cycles which are essential for good swing biomechanics (Fletcher and Hartwell 2004) . A further motivation for the use of medicine ball exercises is that they recruit significantly more muscles and produce more work in the muscles they recruit relative to commonly used muscle strengthening activities such as crunches, lunges, squats and situps (Petrofsky et al 2008) . Studies performed by Doan et al (2006) , Fletcher and Hartwell (2004) and Alverez et al (2011) have provided evidence that medicine ball exercises have the potential to change CHS and distance. There is still, however, a gap in the evidence providing support for medicine ball exercises. The studies to date are not generalisable (in that their sample sizes were small) and some essential performance indicators and injury risk predictors such as quantitative 3D swing biomechanics, were not measured. This study recruited a much larger number of participants (100 participants were recruited), thereby aiding generalisability of the results to elite male golfers between the ages of 1625 years. Furthermore, the gold standard, namely 3D kinematic analysis, was used.
The aim of this study was to ascertain the effect of a combination of trigger point therapy and medicine ball exer cises compared to a combination of trigger point therapy and stretching on rotational biomechanics of the golf swing.
METHODS
Study design
A randomised controlled trial was conducted using two experimental groups and one control group.
Intervention 2 -Ball Group: The ball group received trigger point therapy followed by a week of home ball exercise added to their routine training. Intervention 3 -The Control Group received no intervention. They were not given a home exercise programme. They were permitted to continue with routine training.
Procedure
One hundred and six participants pre sented themselves for participation in the study. Six participants did not meet the inclusion criteria (Figure 4) . Reasons for noninclusion were: normal hip flexor length (three participants); handicaps of more than five (two participants); older than 25 years (one participant).
One hundred participants took part in the study. Each subject was allocated a participant number (in order of their arrival). Participants were randomly allocated using their participant number into one of the three groups using computergenerated In order to ensure that allocation remained concealed from the other participants, the PGA golf technician, the physiotherapist and the principal investigator, the following measures were taken: i) the physiotherapist instructed each participant not to let any of the other participants or the principle investigator or the research assistants know their group allocation; ii) each participant was kept in the treatment room for exactly the same amount of time (15 minutes); and iii) log books and home adherence tools were given to participants in opaque folders. Each participant completed a basic demographic questionnaire consisting of questions related to age, handicap, amateur or professional golf status and medical history. The principal investi gator then measured bilateral hip extension range of movement using the Modified Thomas test combined with goniometer reading (positive readings were recorded for degrees above the level of the bed, and negative readings for degrees below the level of the bed) (Clapis et al 2007) .
Each participant's swing biomecha nics was assessed using the 3D Golf Biodynamics Electromagnetic Motion Capture System ® (Polhemus Hardware, USA) by a PGA golf technician who was blinded to the hip extension measurements as well as to the group allocation. Individual calibration using anatomical marker placement described by Evans et al (2012) was done. The participant was allowed to hit as many shots as he felt he needed to become accustomed to the equipment (Gabbe et al 2004) . Straight after this, each participant was given a six iron and asked to hit five balls as though he was participating in a competition where both distance and accuracy were important (Gabbe et al 2004) . A report was generated showing the average value of each variable as calculated over five shots.
Both the stretch and the ball group received one session of therapy con sisting of trigger point release and a static iliopsoas muscle stretch. The physiotherapist treated trigger points found in the common trigger point locations in the hip flexor muscle (Petrofsky et al 2008) . The "common trigger point locations" served as a guideline, but not as an absolute rule. In order to diagnose a trigger point the physiotherapist looked for the following: a hyperirritable point in a taut band located by palpation; the participant reported pain that referred to a distal point when pressure was applied to the trigger point; a local twitch response in the muscle was elicited when pressure was applied to the trigger point; the participant flinched away from palpation. The physiotherapist treated the trigger point using ischaemic pressure (minimum of 45 seconds of pressure per trigger point). After the ischaemic pressure the participants received a 60 second stretch of the iliopsoas muscle (Petrofsky et al 2008) . This stretch was performed by the participant placing one leg on the plinth while the rest of the body remained erect (half kneel position). The participant's pelvis remained in neutral alignment and the participant was instructed to move his centre of mass anteriorly until he felt a stretch in the iliopsoas muscle.
The participants in the stretch group were instructed to do an additional 60 second static stretch of iliopsoas muscle in half kneeling position. The participants moved their pelvis forward without allowing anterior pelvic tilt. They were instructed to perform this stretch for 60 seconds each side three times a day, every day for the following week. The stretch group continued with their routine training. The stretch group were shown the ball exercise that the ball group was given and asked not to perform this specific exercise for the week of the study.
The participants in the ball group were instructed to perform the ball exercise. This exercise involved the following proprioceptive neuromuscular facilitation (PNF) pattern with a 4 kg ball: the participant starts in a squat with the hands holding the ball to the side of the body then the participant stands up, raising the ball above the head to the opposite side of the body as shown in Figure 1 . Participants were instructed to repeat this movement 50 times to each side. The ball group were then instructed to perform the ball exercise three times per day for one week. The ball group continued with their routine training. They were shown the specific stretch that the stretch group had been given and they were asked not to perform this stretch for the week of the study (Doan et al 2006) .
Participants from the control group remained in the treatment room for the same period of time (15 minutes) as participants from the other groups. The control group were shown the ball exercise that the ball group was given and the stretch that the stretch group was given. The control group participants were asked not to perform these exercises for the week of the study.
All participants were asked to record the time (in 15 minute intervals) spent on each routine training activity (e.g. postural training, weight training, prac tice at the driving range) for the following week, in a logbook.
All participants underwent a second hip extension range of movement assessment and the 3D swing analysis assessment one week after the baseline measures were taken. 
Data analysis
RESULTS
One hundred participants took part in this study. Figure 4 indicates the study procedure by means of a flow diagram. Demographic and anthropometric data are shown in Table 1 .
The acceptable corridor for down swing hip turn is 35º to 55º. This corridor is supported by the mean obtained in a study performed by Horan et al in 2010. The confidence interval for the control group at Assessment 1 was 33.488º<µ<41.400º and at Assessment 2 was 32.555º<µ<43.087º (Figure 2) . This shows that with routine training downswing hip turn moved more out side of the acceptable corridor indicating a worsening of rotational biomechanics. The confidence interval for downswing hip turn for the ball group at Assess ment 1 was 40.812º<µ<47.188º and at Assessment 2 was 36.799º<µ<45.201º (Figure 3) . This showed that the ball group remained within the accepted range and had improved rotational biomechanics relative to the control group (p=0.0328) ( Table 2 ). The stretch group showed no change in rotational biomechanics (p=0.1248) ( Table 2) .
Differences between groups in terms of flexibility training, weight training and total training had no effect on the significance of the results obtained (i.e. the statistically significant results stayed significant even when differences in training were adjusted for). Hip extension range of movement did not 
DISCUSSION
The trigger point therapy followed by a week of ball exercise was able to produce significant improvements in rotational biomechanics (downswing hip turn). As poor rotational biomechanics is associated with back pain, improved rotational biomechanics caused by the ball exercise could potentially result in decreased lumbar spine injury incidence. The trigger point therapy followed by a week of home stretching resulted in no significant changes in hip flexor length or biomechanics. From a therapeutic perspective this study advocates the use of trigger point therapy followed by movement preparation type exercises (such as the medicine ball exercise) over the use of trigger point therapy combined with a week of stretching in the treatment of elite male golfers with shortened hip flexors and the prevention of lumbar spine injuries in elite golfers.
As both the ball and stretch group received trigger point therapy and only the ball group saw improvements in rotational biomechanics; the improve ment in rotational biomechanics is proposed to have occurred primarily through ball exercise and not the trigger point therapy intervention. The proposed mechanism for the improved rotational biomechanics in the ball group was improved muscle control in the pelvic area. This is postulated to have occurred through neural reorganisation and not through improved tensile muscle strength (Bird et al 2005) . In order to perform the ball exercise correctly the golfer would have to control concentric and eccentric loading of the iliopsoas muscle. For a golfer to achieve good backswing hip rotational biomechanics he must eccentrically lengthen the right iliopsoas muscle (controlling hip internal rotation) and concentrically contract the left iliopsoas muscle (pro duce hip external rotation). In order to achieve good followthrough hip rotational biomechanics he must eccen trically lengthen the left iliopsoas muscle (controlling hip internal rotation) and concentrically contract the right iliopsoas muscle (so as to produce hip external rotation and hip extension) (Torres et al 1995) . Good rotational biomechanics at the hips are essential for developing power (Hume et al 2005) . If a golfer was unable to utilise good hip rotational biomechanics it is postulated that he will try to gain power by use of excessive ground reaction forces (seen in the swing as a "sway" or "slide" swing The medicine ball exercises chosen were sport specific. It encouraged squat ting and extending of the hip within the golfers' normal competition range. Contraction of the gluteus muscle during extension from the squat results in reciprocal inhibition of the iliopsoas muscle. The hip extension produced when coming out of the squat acts as a dynamic, movementspecific stretch on iliopsoas muscle. Dynamic reciprocal inhibition stretching has been shown to increase range of movement (Baker and Newton 2005) . As all participants in this study presented with shortened iliopsoas muscles, the addition of ball exercises to the trigger point therapy may have resulted in improved rotational biomechanics through the mechanism described above. This improvement in rotational biomechanics in the medicine ball exercise group may be associated with decreased injury risk and improved performance.
Based on the inclusion criteria, the results from this study could be generalised to male elite golfers between the ages of 1625 years with handicaps lower than six. Caution is advised when applying these results to females, older males and high handicap players as and may therefore not respond as well to the dynamic stretch provided by the medicine ball exercise as their younger male counterparts. A limitation of this study was the short study period of one week. As such, the effects of long term trigger point therapy and long term ball exercises or stretch on biomechanics was not assessed. It is important to note that one week of ball exercises is not sufficient to produce hypertrophic changes to the muscle. Visible hypertrophic muscle change usually occurs after approximately eight weeks of resistance training (it is, however, important to note that protein synthesis occurs after the first resistance training session) (Bird et al 2005) . The week of medicine ball exercises can, however, result in increased muscle strength by means of neural adaptation (Bird et al 2005) . Possible neural adaptations are: increased motor neurone firing rate; double firing of the motor unit; motor unit synchronisation.
CONCLUSION
Shortened hip flexors predispose golfers to poor rotational biomechanics. Poor rotational biomechanics are associated with lumbar spine injury. The large lumbar spine injury incidence in elite golfers necessitates investigation into techniques that help prevent injury (such as improving rotational biomecha nics). Health care, fitness and training profes sionals often recommend routine stretching to golfers with shortened hip flexors. Based on the results from this study, a plyometric exercise, like the medicine ball exercise described in this article, may be more beneficial in treating elite golfers with shortened hip flexors). Future studies should be done on the effect of exercise programmes over time (consistent use) on golf swing biomechanics and subsequent injury prevention. he physiotherapy department at the University of the Witwatersrand is committed to developing the highest standards of academic and clinical excellence. We aim to produce responsible innovative, critically thinking professionals committed to meeting the health needs of all the communities in South Africa, appropriately and cost effectively.
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